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FOREWORD

Presently, thu Degradation kEffects Program (DEP) and others are
using regression cquations rclating the striking velocity for cylinders
as a function of their penetration into wallboard. Thiz cffort grew out
of the question of whether actual bomb f£ragments would have a similar
regression cquuation. This final phase of the study, which is concerned .
with testing oU-grain and 240-grain bomb fragments, was conducted during
the period 1 January - 1 Marcih 1970, “The cesults from firing ls-grain bomb
fragments into wallboard arc available in AFATL-T2 7§,

The DLRD range ciew composed of Jack Byrne, T8pt Charles Sauls,
Clyde Wwallace, Sgt Ron Stecarns, Sgt Terrell Costello, Sgt NDennis lHoutari,

Sgt LCary Farabaugh, and Sgt William Carson provided the necessary technical :
support and instrumention,

iaformation in this report is embargoed under the Department of
State International Traffic In Arms Regulations. This report amay be
releesed to foreign governments by departmerts or agencics of the U, S,
Government subject to apjroval of the Air Force Armament Laboratory
(ATRD}, Iglin AFB, Florida 32542, or higher authority within the ’
Department of the Air Force. Private individuals or firms require a
Department of State export license,

This technical report has heen reviewed and is approved. -

CHARLES K, ARPKI, 1 Col, UsHT
Chicf, Technology Divisicn




ABSTRACT

The primary objective of this program was tc define a function between

the striking velocity for 60-grain und 240-grain random shaped bonb
fragments and their depth int¢ the wallboard trade namcd Nu-Wood. The
60-grain fragments were fired from a 20mm Mann barrel and the 240-grain
fragments fiom a 30mm Mann barrel into bundled Nu-Wood. The 60-grain
fragments were lightly filed to fit into a 3,77 <e< 4,01 gram weight range
and the 240-grain fragments into a 12.08 <w< 16,02 gram weight range.

The striking velocities for the 60-grain fragments were in the 600 ft/sec
to 5000 ft/sec range and the 240-grain fragments in the 200 ft/sec to

3560 ft/sec range., The graph of vragment striking velocity as a function
of depth into Nu-Wooé showed a wide range cf depths for approximately

2000 ft/sec and above striking velocities, A lower dispersion in pene-
tration depths exists for velocities up to 2000 ft/sec. A least squares
curve would net be valuavle since the peretration spread is too :ide at
given velocities, Fragment penetration into Nu-Wood from firing cylinders
does not give a realistic picture of 60-grain and 240-grain actual tomb é
fragmentation spread. The depth of penetration is not a primary function
of the initial presented areas of impacting 240-grain fragments for 500
fr/sec to 3000 fi/sec velocities, Wwhen a factor of two or more exists
between impacting presented areas for 60-grain bomb fragments, then the
presented area seems to influence penetration.

This document is subiect tc special export con:irols
and each transmittal to foreign governments or forcign
nationals may be made only with prior approval of the
Alr Jorce Armament Laboratory (AT{D), Eglin AFB,
Florida 32542,
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SECTION 1
INTRODUCTION

Actual 60-grain and 240-grain bomb fragment firings inio Nu-Wood

were conducted at Range 22, Eglin AFB, during the months of January through
March 1970,

The primary objective was to define a function between striking
velocity and depth inte Nu-Wood., Secondary objectives were:

a. To find if the penetration into Nu-Wood is a function of the
presented area of the impacting fragment.

b, To observe the breakup characteristics of 60-grain and 240-grain
bomb fragments in Nu-Wood.

¢. To detcrmine the extent of deflection of the fragments reletive
to projected paths in air «nd Nu-Wood.
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SECTION 11
TEST SET-up

The general test set-up
Figure 2 shows the co-ordinat
ensional view of the Nu-Wood,
serves as the origin,

for the firings is shown in Figure 1.
es =Yy, XY, and X3Yz on the three- dim-
The lower left hand corner of the Nu-Wood
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SECTION I11

PRIMARY OLJECTIVL

Figures 3 and 4 show the striking velocity as a function of pene-
tration for 00-grain and 240-grain fragments. These striking velocities
were obteined by correcting the fragmen: measurcd velocity for air drag.
The air drag correction times the measured velocity was 0,951 for 60-
grain fragmentsand 00,9601 for 240-grain fragments. These were ohtained
from:

- {S-x) -a%
m 3 m 2
\'S =V c - e
ax
m'/:
.

V. = Striking velocity (feect/scc).

V = Average measured velocity between the screens. The first
screen is at xo=0, the second at x=10 feet (ft/sec).
S = Distance from the first screen to the target (11 feet for
60-grain fragments and 11.58 feet for 230-grsin “ragments).
a2 = 0,0327 (constant for an air drag cocffigient Cgq = 0.040,
and density of air, & = 0.310 grains/in>.)

8 = Mass of fragment in grains,

Valid data points and data points estimzted from powder charges are
plotied on Figure 3. The fragment weight range of 3.77 <u< 4,01 grams
for 60-grain fragments and 15.0G8 << 16,02 grams for 240-prain fragments is
not a function of depth into Nu-kood. Figures 3 ard 4 1llustrate the wide
spread in depths of penctration.

A means of classification of the fragments into shape categories was
found from close examination of the fragments and solving for D in:

A3

[_WD = -

IWD = Length Width Depth where L>W>D (in.).

w = Weight of fragment (1bs.)

i = 0,284 1bs as the general density of steel,
in~ '
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The categories are:

L-F = Long flat
L-C = Long chunky
F = Flat
F-C = Flat chunky
C = Chunky
L = Long
“ae calculated D values can fit appropriate groups for D (Inches):
60-Grain
Ltong Flat Flat  Flat Chunky  Long Chunky  Chunky  Long
<0.450 0,450 0.550 0.650 0,750 >1,500
<0,550 <0.650 <0.750 <1,500
240-Grain
Long Flat Flat Flat Chunky Long Chunky Chunky l.ong
<0.800 0.800 C.850 1.100 1.250  >1.500
<0,850 <1.100 <1.250 <1,500

Tables 1 and Il and Figures 3 and 4 show the classification of the frag-
ments., Figures S and & illustrate the majority of the fragments fired,
After firing, many fragments were lost from impacting the sabot catcher, the
printed circuit paper holders, or the Nu-Wood holders,

Figures 3 and 4 have regression plots of a penetration equation ob-
tained by firing steel cylinders into wallboard trade named Nu-Wood and
Flintkote, These cylinders had characteristic velocities from 305 ft/sec
to 12,788 ft/sec, masses from 0,25 grain to 241.50 grains, and 0° to 70°
ohllqult) from the projectile path to the perpendicular to the Nu-Wood sur-
face. The finalized regression equation used for the plot is:< .

’)5):11(X) c,8091 /3)0,‘.‘078
YL .9§EE

Vg = Stiiking velocity of steel cylindrical fragments (ft/sec),

Vg

i

X = Depth of penctration measured perpendicular to the Nu-Wood surface
(in,)
K = 0.0088

M

Mass of fragment (grains)

2 This will be termed the Thor regression equation. The Thor regression
plot for ¢ylinders does not fit closely to the distribution of 60-grain and
240-grair bomb fragment data peints. This can be attributed to the shape
difference between pre-formed cylinders and actual bomb fragments. Also,
the Thor regression equation has too large a range in its variables of mass,
velocity, and obliquity.
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Figure 5. Illustration of the Majority of 60-Grain Bomb Fragments Beforc :
. ] i =
| Firing :
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Figure 5. ({Concluded)
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SECTION IV
SECONDARY OBJECTIVES

When a difference factor of twe or greater exists in impact presented
trea between two 60-grain fragments at the same velocity, then the pre-
sented area seems to be an independent variable in penetration. Table III
helps to support this cenclusion.

The presented area upon impact of 240-grain fragmenis does not seem
to be a significant variable in depth of penetraticn. This conclusion
results from studying Table IV,

The 60-grain fragnent break-offs were generally jocated along the
fragment path, This is contrary to the 15-grain study where the break-
offs were at the final mother fragment position. The 24C-grain fragments
liad few breakoffs and not enough study was given about their origin.

For the same velocity and mass the penetration could be related
to a function of many variables:

Penetration = F (Fragment shape, fragment surface, fragment tumbling
before und after impacet, fragment impacting preserted area, compression
of Nu-Wood, etc.)

An examination of bore sight, fragment entrance, and finalized
positicn in Nu-Wood co-ordinates reveals no appreciable air deflection
and Nu-Wood deflection of fragments, Air deflection could be attributed
to the sabot aiming the fragmeit after exit from the Mann barrel. Since
the Nu-Wood deflection is clight, no transformations are madc on the
perpendicular to Nu-Wood surface penetration data, All the penetration
data in Figures 3 and 4 necd not be corrected for the slight angul:cr
deflections in Nu-Wood.

Some other interesting facts found from testing are:

a. The recovered fragments had Nu-Wood clinging tc¢ them,

b, As the fragment goes deeper into the Nu-Wood it tends to make
a large and less clean or sharp hole, This could be attributed to MNu-

Wood building up cn the fragme':t as it penetrates.

c¢. The Lexan sabot vill be dented on its base from the fragment's
initial momentum impulse.

d. For better air flight stability a sabot fitting a frogment is
better than a sabot with a hole too large.
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TABLE III. PRESENTED AREAS OF IMPACTING 60-GRAIN BOMB FRAGMENTS

X(DEPTH QF PENETRATION
PERPENDICULAR TC NU-
WOOD SURFACE TO ES-

TIMATED CENTER OF A(PRESEXTED AREA
SHOT FRAGMENT GRAVITY OF TFFRAGMENTD OF FRAGMENT) V(STRIKING VELOCITY *
80, NO, SHAPE CLASS {INCHES? (INCHESE) (FT,/SEC)
91 39 Flat, Long Chunky 2,00 L2050 T10
93 39 Flat, Long Chunky 2,25 L1178 57
4 1 Chunky 2.50 . 1450 774
3 1 Chunkv 2.75 L1275 848
1 1 Chunkyv 2,00 Y] 536
9° 39 Flat, tong Chunky 3.325 L0225 675
92 39 Flat, Long Chunky 3.50 L1675 1302
96 39 Fiat  Long Chunkv 4.00 L0475 1248
] 8 Chunky 4.50 L1700 147§
102 38 Chunky 5.50 L1013 1151
105 5 Chunky 6,00 L1825 16359
104 37 Chunky 6.00 L1250 1534
71 39 Flat, Long Chunky 6.00 L2075 7289
57 19 Flat, Flat Chuniy .59 L0763 2237
i 36 Flat, TTat Chunky 9,00 . 2388 2671
82 33 Chunky 10,50 .1ese 2647
€5 30 Chunky 10,75 L1150 2657
62 29 Flat Chunky, Long Chunky 11.75 L1175 2678
64 30 Chunky 13,25 L0800 2ell
85 33 “Chunky 9.50 L1413 7843
66 30 Chunky 11.25 L1300 2845
Sl 33 Chunky 13.00 L0863 2862
68 36 Fiat, Flat Chunky 17.25 L045C 2882 -
73 36 Ftat, Tlat Chunky 9,25 L0975 089
83 38 Chunky 14.00 L1300 3034
79 33 Lon, 14,00 L0713 3004
8A EN Chu'r%ﬁy 16.00 Rt ST30
81 K Chunky 10,00 . 1600 311t
61 19 Flat, Flat Chunky 10.50 L082s 3134
87 38 Chunky 11,25 L1150 3119
&8 38 Chunky 12.50 L1463 3133
T6 36 Flat, Flat Chunky 15,00 L1188 3179
=56 19 Flat, Flat Chunky IT.00 L1250 3559
58 19 Flat, Flat Chunky 11,30 L1100 3582
23 8 Chunky 11.67 2009 J509
31 19 Flat, Flat Chunky 13.50 L1450 453~
33 10 Flat, Flat Chunky 13,50 L1838 1503 :
K 5 Chunky 11.556 1923 588 :
22 3 Chunky 12.06 L2200 4708 :
26 3 Chunky 1750 L0888 JIETS
48 14 Flat Chunky 16.50 .1238 1790
B — 2 Flat Chunky 12,50 L2238 4970 B
16 11 Flat Chunky 13.12 L1128 4989 H
29 10 Flat Chunky 14,50 LOBON 1982
] [3 FTat Chunky 10,73 38T 5041
33 19 Flat, Flat Chunky 11.25 .2288 5023
22
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SECTION ¥
CONCLUSIONS
The fundamental conclusions are:

a. The existing Thor equation predictions for clinders do not
fit actual 60-grain and 240-grain bomb fragment data.

b.  Depth of penetration into Nu-Wood is 1ot a reliable method
to predict velccities for 60-grain and 240-grain bomb fragments,

c¢. The depth of penetration is not a primary function of impact
presented area for 60-grain and 24C-grain bomb fragments. The 60-grain
fragments seem more sensitive to impact presented area than the 240-grain
fragments,
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